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CHAPTER - I 
I N T R O D U C T I O N 
The Vindhyan supergroup covers an a r ea of 104,000 sq.km, i n 
Cen'traX I n d i a , forming a v a s t a r c u a t e b e l t of almost un-
metamorphosed sediments of p r o t e r o z o i c a g e . The Yamuna-Ganga 
alluvivun concea l s t h e n o r t h e r n ex tens ion whi le about 78,000 
sq , km. of t h e Vindhyans appear t o be covered by t h e Deccan 
Traps i n t h e sou the rn c e n t r a l p a r t . Between t h e Bundelkhand 
s h i e l d and t h e Sa tpura - A r a v a l l i h o r s t l i e s a v a s t expanse 
of t h e Vindhyan sed imen t s , 1400 t o 600 m.y. o ld , s t r e c h i n g 
from nea r Agra t o C h i t t o r and from Hoshangabad in t h e west 
t o Sa^ararr. in B i h a r . Although t h e Vindhyan rocks a r e by and 
l a r g e s t r u c t u r a l l y u n d i s t u r b e d , f l a t l y ing and una f fec t ed by 
f a u l t i n g , in t h e sou the rn & wes te rn marg ins ; a g a i n s t r e s p e c -
t i v e l y t h e s a t p u r a &. t h e A r a v a l l i , they a r e h i g h l y shea red , 
b r e c c i a t e d & s e v e r e l y fo lded . The Vindhyan sequence r e s t s on 
t h e s t r u c t u r a l l y d i s t u r b e d and metamorphosed Archean, Bi jawar 
and Gwalior rocks wi th a marked e r o s i o n a l unconformi ty . 
Althougn t h e Vindhyan ranges a t t h e p r e s e n t day form 
a s e r i e s of modera te ly f l a t - t o p p e d , hign r i d g e s and p l a t e a u s 
wi th i n t e r v e n i n g v a l l e y s , they c o n s t i t u t e t o t h e g e o l o g i s t s 
t h e 'Vindhyan B a s i n ' , connot ing pa l aeogeograph ic c o n f i g u r a t i o n , 
The Vindhyan Supergroup i s subdiv ided i n t o four groups , t h e 
Serari, Kaimur, Rewa and Bhander i n t h e ascending o r d e r . Tne 
Seinri c o n s i s t s e s s e n t i a l l y of a r g i l l a c e o u s and c a l c a r e o u s 
formation, whereas the Kaimur is mainly arenaceous. The Rewa 
is arenaceous and argillaceous while the Bhander rocks are 
arenaceous as well as argillo-calcareous. The concept of 
existence of conglomerate horizons at the base of each group 
marking unconformities is no longer tenable, as these indicate 
very local facies changes within the basin, and have less 
importance in regional sedimentation pattern. 
The maximum thickness of the Vindhyan sediments is 
nearly 4,500 meters which have been subdivided into marine 
Calc-argillaceous sediments of lower Vindhyans and red 
coloured sandstones and subordinate shale laid down in paralic 
environments belonging to upper Vindhyans. 
A comparative study in terms of colour, composition 
and presence of probable organic and inorganic structures 
with the other sequence of known ages of Indian subcontinent 
has led to workers to assign relative ages & correlation to 
the rocks of the Vindhyan Supergroup. The Age of Vindhyan has 
been a matter of speculation from the time, the early workers 
based their efforts on study of possible fossil forms, in more 
recent times, absolute dating of rocks has been attempted with 
variable results. 
Vinogradov and Tugarinov,(1964) dated by K - Ar method 
the glauconitic sandstone of the Semri-Son, between 1045 +40 
to 1470 + 60 m.y., with a mean of lllO + 60 m.y. The Kaimur 
was accordingly dated between 94 0 + 3 0 to 910 + 30 m.y. Craw-
ford and Compston,(1970), using the Rb-Sr values from Majhgawan, 
have estimated an age of 114 0 + 20 m.y., and suggested that 
the age of Vindhyan "extends over a very long period from 
atleast 1200 m.y. and possibJy 1400 m.y. to perhaps 550 m.y, 
or even later". 
The great Vindhyan Basin is one such basin that girdles 
the pre-Vindhyan Bundelknand niabsif arounu its southern Si 
western margin. Earlier attem it: laid foundati n to decipher 
depositional environment L palaeogeography of the Vindhyans 
(Mallet, 1869; Vredenburg, 1906; Auden, 1933; Sahni, 194 1; 
Krishnan Sc Swamtnath, 1959; Ahmaa, 1962 and Misra, 1969). 
Earlier Ahmad, (1958) attempted a reconstruction of palaeo-
geographic evolution of the Vindhyan Basin on the basis of 
isopach form lines, Banerjee, (1964) proved a trend setter 
for the modern sedimentalogical studies. Moreover besides 
these regional syntheses, a considerable volume of data on 
stratigraphy, Palaeocurrent anu environment of deposition of 
the Vindhyan sediments in isolated areas has been gathered 
by numerous workers during Lne last fifteen years or so, 
Tiie proterozoic Vindhyan sediments represents a classic 
example of plateform sequence developed in an intracratonic 
embayment. Sedimentation thounh remained largely in shallow 
marine realm, shifted periodically frcm beach to tidal shelf 
through tidal flat lagoon complex (Chanda & Bhattacharya, 
1982). 
Location of the Area of Investigation; 
The area under study (Fig.la) is located around Sawai 
Madhopur town of Rajasthan state. The huge crystalline 
Bundelkhand Granite massif, located in the northern part of 
Central sector of the Vindhyan basin, divides it into two 
portions namely western and and eastern. The present investi-
gated succession of the Bhander Group is a part of eastern 
portion. It lies adjacent to the Great Boundary Fault of 
Rajasthan & thus requires a critical examination and forms 
a part of the survey of India Toposheet No, 54/B &. 54/C. It 
is located about 5 km west of railway station & can be easily 
approached from there by an all weather motojrable road leading 
to Rantharabhor fort. The investigation covers an area of about 
1000 sq. km and is delimited by latitude 26°00* ^^^ 
27°00.' N and longitudes76°00' and 77°30' E. 
Physiographically the area consist of an arcuately 
trending scarp of Sirbu Shale resting on a lower platform of 
Bhander Limestone and capped by an upper sandstone platform 
(Heron, 1936). The lower platform occupies the northwestern, 
southwestern and southern portion of the area and supports 
most of the population. The upper sandstone platform extends 
towards the northeast. 
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Aim & Scope of Investigation; 
The present investigation deals mainly with the mecha-
nical analysis & mineral composition, of the rocks belonging 
to Bhander Group, in an attempt to elucidate its mode of 
formation and source rock. Moreover the study incorporates 
minor observation such as thickness, spatial relationship in 
relation to sedimentary characters like gecxnetry, lithology, 
internal structures & their lateral and vertical variations 
in the sequence, 
Stratigraphic section of each constituent formation of 
Bhander Group were measured and studied at several suitable 
locations to collect stratigraphic & sedimentologic information 
such as thickness, lithology, bedding and internal structures. 
Sedimentary structures specially cross bedding and ripple 
marks offer excellent indications of the direction of current 
and were studied in respect of their scalar and vectorial 
properties on a limited scale to decipher the probable palae-
ocurrent pattern on local scale. 
Petrographic study is based on the examination of 
15 samples of sandstone representing the Bhander Group. These 
samples were collected during field traverses. The samples were 
examined under microscope to determine their lithology. The 
outcrop samples were highly indurated and thus microscopic 
examination regarding size analysis was made on each sample 
to avoid grain crushing & fracture. Their petrographic 
characters such as grain size/ grain roundness, mineral 
composition have been studied in details. Mineral analysis 
&hows very little inter sample variability in textural and 
compositional characteristics due to their supermature nature. 
The sedimentsiogy ot the Bhander Limestone -was studied 
in Sawai Madhopur area with a view to interpreting probable 
depositional environment of the formation. Though the limited 
study could not provide a broad dimensional model but however, 
the limestone is micritic and at places dolomitic m appearance, 
The results of investigations were integrated to set 
up its mode of formation and the direction of provenance with 
only few current directionals. 
CHAPTER - II 
GENERAL GEOLOGY OF THE AkEA 
Stratigraphy and Sedimentary Characters of Bhander Group; 
Much of our knowledge of Vindhyam stratigraphy is based 
on the excellent early investigations of various parts of the 
Great Vindhyan Basin by the Geological Survey of India (Oldham, 
1893# Heron, 1922, Auden, 1933). In the last two decades or 
so much valuable work has been done by some universities of 
India. Excellent historical review of Vindhyan literature has 
been presented by eminent workers who have studded jewels in 
the knowledge of Vindhyan stratigraphy (Ahmad, 1962, and 
Misra 1969). 
The old system stratigraphic nomenclature L classifica-
tion followed in the past was wrong & misleading. Following 
the revised scheme in present work, the changes in nomencla-
ture have been modified and incorporated according to Code of 
Stratigraphic Nomenclature of India (1971). The time-strati-
graphic terms like "System, Series and Stage" have been elimi-
nated in the absence of real definitive fossils and relatively 
insufficient geochronologic radiometric data. The new lithos-
tratigraphic rank terms "Supergroup, Formation and Member" 
etc. (Article 10.06, code for India) have been incorporated 
in the present work. 
Following the code for India, Heron's (1936) classi-
fication of Vindhyan rocXs of southeastern Mewar is modified 
to the extent it is applicable to the study area. In the modi-
fied classification pertaining to the stratigraphic interval 
studied Ganurgarh shale, Bhander Limestone, Sirbu Shale, and 
Bhander Sandstone and associated formation collectively from 
Bhander Group (Article 10.00, code for India), ihe entire 
Vindhyan succession has been redesignated as "Vindhyan Super-
group". (Article 10.05, Code for India). However, no attempt 
was made to change the duplicate geographic components of 
formation names (Bhander Limestone and Bhander Sandstone) as 
they are well established and entreched m Indian geological 
literature lArticle 13.00 Code for India). The division of 
Vindhyan rocks into two arbitrary "Lower" and "Upper" parts 
has been abandoned, as these terms do not find place in the 
hierarchy of formal lithostratigraphic units ^Article 6.00, 
Code for India). 
Proposed formal classification of Vindhyan Supergroup 
(Sawai Madhopur area) 
Group Formation Average thickness 
(m) 
Alluvium 
Unconformity 
Bhander Sandstone + 130 
Bhander Sirbu Shale 
Bhander Limestone 
Ganurgarh Shale 
Gneisses and Schists 
Quartzite and Phyllite 
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Description of Various Litho-units; 
Sawai Madhopur area form a part of South-eastern region 
of Rajasthan and was mapped by Heron (1936), who worked out 
the stratigraphy of the entire Vindhyan Supergroup in this 
region. For measuring stratigraphic sections in the present 
work, the Jacob's staff method (Krumbein L Sloss, 1963) was 
empioyed as the Vindhyan rocks appear almost horizontally 
disposed, 
Bhander Group in the study area is on the average 
300 m. thick and It is divisible into four mutually conformable 
formations namely, Ganurgarh Shale, Bhander Limestone, Sirbu 
Shale and Bhander Sandstone in the ascending order. The 
following description relates to occurrence, thickness, 
lithology and stiructures of rock types recorded in the area. 
Ganurgarh shale; 
Ganurgarh shale occurs in an east-southeast-western 
belt in the southern part of the study area. It occupies low 
grounds and is more or less horizontally disposed. The average 
total thickness of this formation in the study area is 20 m, 
and does not seem to vary appreciably along the strike. 
Ganurgarh shale shows almost a conformable relationship 
with the underlying Rewa sandstone which forms the top of the 
Rewa Group, The contact between the two formation is Conformable-
11 
interclated (Krumbein and Sloss, 1963). Ganurgarh shale 
consists of thick sequence of laminated micaceous silty shales 
and interbedded lenses of silty sandstone. The shale and 
siltstones are grey to blue in the heap around recently dug 
wells by local people, but appear olive coloured in surface 
outcrops possibly due to weathering. These banas show inter-
nally parallel lamination of botn even and wavy type (ripple 
lamination). Mud cracks, rill marks and rain pitting are often 
observed, on shale surfaces. However, small ripple marks are 
faidy abundant in certain horizons. With increasing carbonate 
content, red shales pass upward into red argillaceous carbonate 
mudstones of the overlying formation, ahander Limestone. 
Bhander limestone; 
Bhander limestone sequence in the study area forms an 
extensive flat platform fringing the scarp. It is mainly 
exposed around south-eastern pert oL the area ana near main 
Gate at Sawai Madhopur townsnip the entire Bhander limestone 
sequence rises in the form of scarp and thus becomes available 
for study. Bhander limestone rests conformably on Ganurgarh 
shale. The contact between the two formation is gradational, 
the red clacareous shales at the top of the Ganurgarh shale 
sequence pass gradationally upward into red argillaceous 
carbonate mudstones at the basal part of Bhander limestone. 
12 
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Sirbu shale is exposed from east-south east of Sawal 
Madhopur to Kundra at the Southeastern part of the area. It 
rests on Bhander limestone with a gradational contact. The 
blacX carbonate bands contain thin red shale intercalations 
towards the top portion and pass gradually into the overlying 
Sirbu shale. The entire Sirbu shale sequence, characterized by 
prevailing red colour/ is overlain in turn by very thin bedded, 
ripple cross laminated or ripple laminated sandstone sequence 
showing abundant ripple marks on the bedding surfaces. The 
fining upward sequence ends with parallel laminated silty 
sandstones and siltstones with shale interclations. Finally 
sandstone lens gradationally merges into interlaminated sand-
stones and shales. Sirbu shales, with decreasing shaly content 
and increasing sandy content passes gradationally into over-
lying Bhander sandstone. 
Bhander sandstone; 
This formation has an intercalated conformable contact 
with the underlying Sirbu Shale. Bhander sandstone occurs as 
a thin capping over the more or less arcuately trending Sirbu 
Shale scarp sandstone capping has given rise to an essentially 
flat platform on which outcrops of the formation abound barring 
soil covered areas. Complete sections of Bhander sandstone is 
13 
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Unit B (45 m.) 
LITHOLOGY - Mainly laterally and vertically 
channel sandstone bodies showing "Fining 
Upwards" sequence. 
BEDDINc - Lenticular and cross bedding. 
SEDIMENTARY STRUCTURES - Planar and Trough 
cross bedding abundant^ symmetrical and 
asymmetrical ripples are common. 
PREDOMINANT COLOUR - Reddish white to 
greyish white. 
Unit A (85 m.) 
LITHOLOGY - Fine sandstone Olive and Red 
Shale intercalations common. Lenses of 
channel sandstone showing "Fining upwards" 
sequence. 
BEDDING - Thin bedded, ripple laminated in 
the lower part. In the upper part mostly 
thin laminated and flat bedded. 
SEDIMENTARY STRUCTURES - Small ripple marks 
abundant, symmetrical type, asymmetrical 
types common. Mud cracks on shaly inter-
calation. Parting lineation, flat bedded 
sandstones. Planar and Trough cross beds 
common in upper pairt. 
PREDOMINANT COLOUR - Red to Reddish white. 
Fig. lb. Vertical stratigraphic sequence of Bhander Sandstone 
in Sawai Madhopur area. 
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not avallafe>le in the area since its top is universally erosional 
The true thickness of the formation, hence, can not be measured 
directly. However, an estimate of the minimum thickness of 
this formation in study area can be made by indirect means 
from the position of its basal contact in the different parts 
of the area. 
To study in detail the lithologic and sedimentary 
characters and their variability in time and space, sections 
exposing part sequence of Bhander sandstone were measured. 
Almost the entire rock sequence Bhander sandstone was covered 
by taking closely spaced traverses, this sequence has been 
vertically divided into two, namely, A and B units. 
Unit A is exposed in outermost belt of the Bhander 
sandstone platform fringing the Sirbu Shale scarp. It is about 
85 meters thick and is formed of two distinct rock assemblages 
or facies* namely Sheet sandstone facies and channel sandstone 
facies# which markedly differ in sedimentary characters. The 
sheet sandstone facies is predominant in the northwestern and 
south-eastern parts of the area, whereas channel sandstone 
facies is either absent or very little developed. On the 
eastern part of the area, especially near the city main gate 
of Sawai Madhopur there appears a far greater development of 
channel sandstone at the expense of sheet sandstone. The 
15 
sheet facies consists of dark red to reddish white, micaceous 
and very fine grained or silty sandstones. These sandstones 
occur characteristically as very thin bedded sequence. The 
sheet sandstones are ripple laminated or ripple cross laminated 
in the lower part of the unit. Ripple marks of small size are 
generally surametrical type. Rill marks and small swash marks 
occur occasionally on the upper bedding surfaces of sheet 
sandstones. The sheet sandstones contains thin intercalations 
of olive and red shales and siltstones which often show poorly 
preserved mud cracks. 
The channel facies of unit A consist of reddish white 
to greyish white fine sandstones occurring as lenticular bodies 
enclosed within the sheet sandstones. The channel sandstones 
are developed occasionally as thin lenticular bodies. In the 
"Northeast and eastern part ot the area, size of channel sand-
stones bodies increases. Each lenticular sandstone body shows 
a truncated and disconformable contact and a gradational upper 
contact with the underlying and overlying sheet sandstones. 
The"fining upv/ards" sequence appears characteristic feature 
of sandstones bodies also an upv;ard change in sedimentary 
structures indicates lowering of flow regimes from bottom to 
top. 
Unit B^) of Bhander sandstone shows the average thickness 
of about 45 m. exposed in the interior part of the platform. 
This unit consists mainly of channel sandstones occassional 
16 
flat bedded sheet sandstones and rare cross stratified sand-
stones* The channel sandstones are reddish white to greyish 
white in colour and fine grained and form relatively thick 
sequences. Each channel sandstone body is characterized by 
a "fining upwards" sequence. However, they are easily recog-
nised by their characteristics features such as ripple cross-
lamination, ripple lamination, small ripple marks of mostly 
symmetrical and rarely asymmetrical types, and interclation 
of thinly laminated mud cracked shales and siltstones. 
CHAPTER " I I I 
P E T R O G R A P H Y 
Present chapter deals mainly with the mechanical analysis & 
mineral composition of Bhander Sandstone in an attempt to 
elucidate its mode of formation & source rock. Sandstone is 
reasonably hard and compact, and it is not possible to dis-
aggregate the sample by any method without grain fracture. 
Thin section study of these sandstones was done to 
determining the qualitative and quantitative measures inclu-
ding the study of canposition of the rock, shape, size of 
the detrital grains and type of cement or matrix. A large 
number of samples were collected during the field work and 
out of these 15 representative samples were selected for 
preparing the thin sections for detailed study. 
Method of Study and presentation of Data; 
The grain size analysis and modal analysis of the 15 
thin sections of Bhander Sandstone was done with a view to 
ascertain nature of provenance, mode of transport and plau-
sible depositional process involved. The thin section analysis 
was done with the help of point counter (ELTINOR-4) and micro-
meter eye piece with the presumption that these grains bear a 
relationship with their sieve size equivalents. In the present 
study thin section grain size analysis the method adopted by 
Friedman, (1958) was preferred to correlate size estimates of 
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Bhander San<2st;one. Random traverses were taken for measuring 
long axes of quartz grains and 100-200 grains count was made 
following the method of Chayes, (1949). Grain diameters 
measurement in millimeters were converted to phi-scale with 
the help of conversion table. The average mechanical composi-
tion of sandstone was represented by a composite histogram 
based on aggregated grain size data (see Table II, Fig. 3a). 
Cumulative frequency percentage was calculated with the help 
of graph prepared by Friedman, (1958). Cumulative frequency 
curves were constructed for every thin section to show size 
composition of Bhander Sandstone and an average ciomulative 
curves was also drawn (see Table III, Fig. 2a and 2b). 
Grain roundness was obtained by comparison of projected 
images with six classes of Power's, (1953) photographic charts 
for sand grains. This method, although liable to operator's 
bias, appears reasonably accurate as conpared to other method 
(Wadell, 1935; Russel and Taylor, 1937; Pettijohn, 1957; 
Krumbein, 1941), For a uniform coverage of thin section area, 
Chayes, (1949) point counting technique was employed. Grain 
r<^ndness was classified according to six classes ranging 
from "Very angular to well rounded" suggested by Powers, (1953), 
The arithmatic mean roundness of the sample was deteimined 
following the method used by Krumbein and Pettijohn, (1938), 
Average roundness was represented by a composite histogram 
which was based on the aggregated roundness data (see Table IV, 
7i#« 4a), 
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Grain size analysis: 
Various techniques for grain size distribution were 
adopted from time to time. Several workers have proposed 
different methods of grain size analysis since last four 
decades or so. (Udden, l898, Wentworth, 1922, Krumbein, 1934, 
Krumbein and Pettijohn, 1938, Friedman, 1958; Vander Plas, 
1962, 1965; Pettijohn et al., 1965; Stauffer 1965 and 
Freidraan, 1965). However, the statistical parameters proposed 
by Folk and Ward,(1957) and Folk,(1968) have apparently been 
used which proved fruitful in the present study (Table V). 
The following statistical parameters proposed by Folk and 
Ward,(1957) and Folk,(1968) have been determined in the present 
study; 
Mean size (MZ) ; 
The mean size represents the central tendency or the 
average of the sediment. The mean size depends on the average 
kinetic energy (veolocity) of the depositing agent and also on 
the size distribution of the grains at source area. Measure of 
the average size, the phi graphic mean (MZ) is calculated 
through the following formula: 
MZ = (jZf 16 •>• ^ 50 4- ^  84) 
3 
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Standard Deviation ( ^ i ) : 
The following formula is employed for the determina-
tion of standard deviation, 
JZf 84 - ^  16 i? 95 - ^ 5 
A ° 4 '^ 6.6 
The verbal scale of measuring standard deviation is as 
follows: 
«= Under 0,35 very well sorted 
= 0.35 - 0.50 well sorted 
» 0.5 0 - 1,00 moderately sorted 
= 1.00 - 2.00 poorly sorted 
= 2.00 - 4.00 very poorly sorted 
» Over 4.00 extremely poorly sorted 
Skewness (SK..) : 
Skewness is geometrically independent of sorting and 
shows the predominance of coarse or fine admixture. It 
denoted the symmetry of grain size frequency distribution. 
The skewness parameter used in this work is the inclusive 
graphic skewness SK, calculated using the following mathema-
tical formula: 
SK = Jg 16 + jZf 84 - 2 ;y 50 _^  j g 5 + ; z r 9 5 . - 2 j Z f 5 0 
^ 2 (i2f 84 - J2f 16) 2 (^ 95 - ;? 5) 
The verbal scale of measuring skewness is as follows: 
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SK » - l . O O t o - . 3 0 v e r y n e g a t i v e skewed 
SK « - . 3 0 t o - . 1 0 n e g a t i v e skewed 
1 
SK = - . 1 0 t o - . 1 0 n e a r l y s y m m e t r i c a l 
SK = + . 1 0 t o + . 3 0 p o s i t i v e skewed 
SK = + 'SO t o + 1 . 0 0 v e r y p o s i t i v e skewed 
K u r t o s i s (KG): 
Kurtosis is used as the ratio of the sorting in the 
extremes of the distribution compared with the sorting in 
the central part. It denotes peakedness of the curve. The 
formula used for its determination is as follows: 
;? 95 - Jg 5 K^ = ' 
^ 2.44(;2f 15-0 25) 
The following verbal l imi t of kur tos is are 
very p l a tyku r t i c 
p l a tyku r t i c 
mesokurtic 
l ep tokur t i c 
very l ep tokur t i c 
extremely l ep tokur t i c 
'^ 
•^ G 
•^ G 
•^ G 
•^ G 
•^ G 
= 
S 
= 
= 
s 
3 
Under 
0.67 -
0.90 -
1.11 -
1.50 -
Over 
0.67 
0.90 
1.11 
1.50 
3.00 
3.00 
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Texture: 
In the present study the limited training is envolved 
to interpret the depositional history of ancient sediments 
with the help of shape, size roundness, orientation and 
packing of the detrital grains. Table I shows the grain size 
distribution of the sandstone samples. Most of these samples, 
14 posses unimodal size distribution in which the modal class 
contain 3 0,0 to 73.0 percent (average 51,0%). The only one 
remaining sample distribution is bimodal and contain 46.0 
percent of size data. The generalized grain size distribution 
of Bhander Sandstone, based on aggregated data of 15 samples, 
is shown in the Table II, Fig. 3a, The aggregated distribution 
is unimodal and the modal class lies in 2.0-3.0 0 class (fine 
sand). The modal class contain 39.9 percent of the aggregated 
size data. 
The graphic mean (MZ) of various samples ranges from 
1.76 0 to 3,53^(medium to vety fine sand) but in majority of 
the samples, 10 fall in the fine sand limits. The inclusive 
graphic standard deviation ( f ) varies 0,50 0 to l.ll 0 on 
the basis of these samples, 1 is well sorted, another 3 are 
moderately well sorted, 9 are moderately sorted and remaining 
2 are poorly sorted. The values of inclusive graphic skewness 
(SK ) ranges from 0,06 0 to 0.62 0 and these values indicate. 
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TABLE I, DISTRIBUTION OF SAMPLES OF BHANDER SANDSTONE ACCORDING 
TO GRAIN SIZE DISTRIBUTION 
NATURE OF DISTRIBUTION 
Type of distribution 
No. of Samples 
Unimodal 
14 
Bimodal 
1 
POSITION OF MODAL CLASS 
Phi Classes 0.0 - 1.0 1.0-2.0 2.0-3.0 3.0-4.0 4.0-5.0 
( C o a r s e s a n d ) (Medium 
s a n d ) 
( F i n e ( V e r y 
s a n d ) f i n e 
s a n d ) 
( C o a r s e 
s i l t ) 
No . o f S a m p l e s 
FREQUENCY PERCE 171 IN MODAL CLASS 
F r e q u e n c y 
p e r c e n t a g e 
3 0-4 0 4 0-5 0 50-60 60 -70 70-80 
N o . o f s a m p l e s 3 
GRAPHIC MEAN (MZ) 
8 0 - 9 0 
Phi Classes 
No, of samples 
Verbal Classi-
fication scale 
Values in phi-
Units 
1.0 - 2.0 
1 
INCLUSIVE 
Well 
sorted 
0.35-0.50 
2.0 - 3.0 3. 
10 
0 - 4.0 
4 
GRAPHIC STANDARD DEVIATION ( K". ) 
Moderately Moderately 
well sorted sorted 
0.50-0.71 3.71-1.0 
1 
Poorly 
sorted 
1.0-2.0 
No. of s a m p l e s 
30 
INCLUSIVE GRAPHIC SKEV/NESS (SK, ) 
Verbal Classi-
fication scale 
SK. limits 
Strongly 
fine 
1.0-0.30 
Fine 
skewed 
+0.30-
0.1 
Nearly 
Symmet-
rical 
+ 0.1-
-0.10 
Coarse 
skewed 
-O.lO-
- .30 
Strong 
coarse 
s kewed 
-.30—. 
No, of Samples 
GRAPHIC KURT OS I S (K^ ) 
Verbal classi-
fication scale 
K_ limits 
No, of samples 
Platykurtic Mesokurtic Laptokurtic Very 
leptokurtic 
0.67-0.90 0.90-1,11 1,11-1.50 1,50-3.00 
2 4 7 2 
3 1 
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FIG. 3b . HISTCX3RAMS SHOWING SIZE COMPOSITION OF BHANDE« 
SANDSTONE 
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FIG-3b . HISTOGRAMS SHOWING SIZE COMPOSITION OF 
BHANDER SANDSTONE 
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5 samples are strongly fine skewed, 5 are fine skewed, 4 show 
nearly syininetrical distribution and remaining l is coarse 
skewed. The graphic kurtosis (K^) values ranges from 0.89 to 
2.00 in which 2 samples are platykurtic, 4 are mesokurtic, 
7 are leptokurtic and remaining 2 are very leptokurtic. 
Grain Roundness; 
The roundness of detrital quartz grains were determined 
and tabulated in the six classes of Power's, (1953) and pre-
sented in Table IV and Fig. 4b. The total roundness estimation 
of quartz grains 912 were examined in thin section of the 15 
sandstone samples. The distribution of roundness values in 
individual samples is largely unimodal and few show bimodal 
distribution. The majority of grains lie in subrounded class, 
thus, contain modal class into it with the second highest 
majority of the grain located in the rounded class. The mean 
roundness (Ma; ranges from 0.34 (sub angular) to 0.54 grounded) 
and averages to 0.43 (subrounded). Fig. 4a, represents a uni-
modal distribution of the aggregate roundness values. The 
modal class contains 32.5 percent of the total aggregate values 
in sub-rounded class. The skewed nature of the distribution 
indicates the admixture of subrounded and rounded grains. 
Grain shape: 
The grain shape is useful as a tool to decipher the 
history of sediments including sedimentation process and 
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FIG-4b. 
HISTOGRAMS SHOWING ROUNDNESS OF BHANDER S A N D S T Q N E 
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FIG. 4 b . 
HISTOGRAMS SHOWING ROUNDNESS OF BHANDE R SANt)5T0NE 
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FIG. 4 b 
HISTOGRAMS SHOWING ROUNDNESS OF BHANDFR SANDSTONE 
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nature of paleo flow. The studied quartz grains generally show 
slight elongation. 
Modal compositiojra: 
The quantitative modal analysis of thin section of samples 
of study area includes the study of detrital minerals. The 
composttton. of Bhander Sandstone la shown in Table VI« The 
sandstone is mainly composed of quartz that ranges from 80,6 
to 94,5 percent by volxime. This composition proves the sand-
stone to be mature clean sand so it is correct to speak of a 
typical orthoquartzite in a mineralogic and/or chemical sense 
(Krynine, 1946; F^lk, 1954; PettiJohn, 1975). 
Quartz; 
Quartz i s a ubiquitous mineral in sandstone under study 
and occurs with a wide var ie ty of ex t inc t ion habi t under p e t r o -
graphic microscope. Four main types of quartz grains were 
readi ly d is t inguished , namely "Common" quar tz , "Stretched 
metamorphic" quar tz , " r e c r y s t a l l i s e d metamorphic" quartz and 
"reworked sedimentary" quartz of Folk 's c l a s s i f i c a t i o n (1968). 
"Common" Quartz; The common quartz predominates in the sand-
stone and cons t i t u t e more than 5 0 percent of the d e t r i t a l 
cons t i tuen t s on average. I t appears non-undulatory with no 
v i s i b l e evidence of s t r a i n in the g ra in s . Such grains are 
general ly free from inclusion (Plate I Fig. A ) while 
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few quartz grains show randomly scattered mineral inclusions 
of varying size. The common quartz is distinguished with 
slightly irregular outline, moderate number of inclusions 
dusty appearance and very faint straining. 
"Stretched metamorphic" Quartz; This type comes second in 
order of abundance and constitutes about 3 2 percent by number 
of the total grains. The aggregate crystals show elongate, 
slightly sutured boundaries along which tiny mica flakes often 
occur (Plate I Fig, a }. They are full of dusty inclusion 
and hence dirty looking. The degree of undulatory extinction 
in most of the quartz yrains generally ranges from 3 - 5 and 
upto 15*^ . 
"Recrystallized metamprphic" Quartz; This: type comprises 
generally from 7-9 percent of the detrital constituents. It 
occurs in the form of Polycrystalline grains, which appear 
almost having straight contacts (Plate II Fig. B ), The 
Polycrystalline quartz grains generally show uniformity with 
fine grained mosaic of sub-individuals. 
"Reworked sedimentary" Quartz; Nearly 5-8 percent of detrital 
grains belongs to this type of quartz. It occur as monocrys-
talline grains which unequivocally represent th^ reworked 
sedimentary quartz wixh abraded overgrowth belonging to one 
or more earlier cycle of sedimentation (plate l Fig, C ). 
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They show straight to slightly undulose extinction. Much of 
the "common" quartz grains in these sandstones may have been 
derived from the same source as the reworked sedimentary 
quartz. Seme polycrystalline grains of "reworked sedimentary" 
quartz are also occur, and they appear to have been derived 
from quartozose sandstones. The reworked sedimentary quartz 
grains are generally subrounded to well rounded embossed with 
the ample evidence of recycling of sediments prior to depo-
sition. 
Feldspar; 
Generally detrital grains of feldspar are rare, present 
ranges from 0.8 to 2.0 percent of rock by volume in thin 
section. In a few thin sections two or three grains of ortho-
clase and microcline have been observed generally surrounded 
by subrounded to sub-angular quartz grains. 
Chert; 
Chert is invariably present in the sandstones as well-
rounded detrital grains of a little smaller size than the 
accompanying quartz grains. The chert grains constituents 
ranging frcxn 0,5-5.2 percent of rock by volume, (average 2.38)<, 
they are generally grey in colour and appear as subrounded to 
rounded. The grains show an aggregate of microcrystalline 
granular structure which under high magnification appears as 
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an aggregate of very fine grained quartz. 
Rock fragments; 
The proportion of lithic detritus is not regular in the 
studied thin section and ranges from 1.0 - 7.0 percent of rock 
by volume, (average 3.28). The notable rock fragments of sedi-
mentary genetic groups includes the fragments of meta-sedimen-
tary quartzite, chert and ferruginous shales. The alternating 
bands of ferruginous material with the strained quartz grains 
are often seen in few thin section (p]ate ii Fig. c ). The 
low grade metamorphic rock fragments are composed of intri-
cately mixed microciystalline to cryptocrystalline silica^ 
abundant tiny mica flakes with strong preferred orientation 
and dark brownish opaque ferruginous material. Well round to 
subrounded ferruginous shale fragments occur quite frequently 
in the very thin bedded sandstone samples. 
Cementation; 
Silica, being most common plays an important role as a 
authigenic 
cementing material, in the form of/quartz usually deposited 
on quartz grains. The source of silica ceme^ nt in presolved 
sandstones appears due to pressure solution (Taylor, 1950; 
Thomson, 1959 and Pittman, 1972). Silica cement shows an 
optical continuity with the detrital quartz as secondary 
growth. Quartz grains are packed and cemented together as a 
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crystalline aggregate. The sandstone are of orthoquartzite 
type and are hard and compact mainly due to the presence of 
silica as cementing material. The Iron oxide cement appears 
helpful in recognizing the detrital quartz grains fran 
authigenic quartz overgrowth. The detrital quartz grains were 
deposited first and later on they were coated with iron oxide 
cement. The cement in the form of secondary quartz seems to 
have originated in the last stages of development preferably 
due to compaction and induration. 
Heavy Minerals: 
Heavy minerals form the minor high density accessory 
detrital constituents in the Bhander Sandstone. The study of 
these minerals was undertaken with a view to understand 
various species of heavy minerals in the clastic rocks. The 
occurrance of certain heavy mineral suite in the clastic 
sediments characterises the class of source rock (Krumbein 
and Pettijohn, 1938), The dominant species of heavy minerals 
observed in thin sections of sandstone include tourmaline. 
Zircon, rutile and opaques. Less stable species of heavy 
minerals are hornblende, mica, chlorite, magnetite, hematite 
etc. The nature of distribution of heavy minerals and their 
amount is variable in different samples; Most of the samples 
are scattered randomly and their amount hardly exceeds one 
percent by nuinber of the total grains in a sample. 
45 
MINERALOGY 
Tourmaline; 
Tourmaline predominates amongst heavy mineral constitu-
ents and occurs as sub-rounded to rounded detrital grains 
which rarely shows authigenic growth. Various colours range 
frcxn brown, yellow but blue and green varieties also occur. 
There is no marked difference in size, shape and roundness of 
grains showing different colours. 
Zircon; 
Zircon ccxnes next in order of abundance,the grains are 
generally smaller than the associated tourmaline grains. Mainly 
three types of zircon grains are identified on the basis of 
colour. The colourless variety principally predominates while 
rest of the two include yellowish brown and the pink zircon. 
The shape of zircon varies from perfectly globular, ellipsoidal 
to prismatic euhedral with rounded edge. 
Rutile; 
Rutile occurs as rounded grains exhibiting colour varia-
tion from dark brown to golden yellow. The grains are generally 
free frcin inclusions and characterised by very high relief. 
Hornblende; 
Hornblende grains are subrounded to rounded more prevalent 
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and appear flaky along the cleavage planes. 
Mica and Chlorltes; 
The two constituents of heavies occur as colourless, 
short prismatic crystals with well defined cleavage. The 
amount of muscovite generally predominates over chlorite. 
Opaque minerals; 
The opaque havey minerals (magnetite and ilmenite) are 
best seen in the sandstone samples. Magnetite £< ilmenite have 
been grouped together fay many workers as opaque owing to the 
difficulty to resolve them under transmitted light. Most of 
the grains of magnetite occur randomly fractured and often 
show reddish, ferruginous coating. Subangular to subrounded 
grains of ilmenite often appear coated. 
CHAPTER " IV 
SEDIMENTARY STRUCTURES OF THE AREA 
Various sedimentary structures have been used since 
long as a guides to environment of desposition. Hence, most 
workers now agree to interpret sedimentary structures in 
the light of hydrodynamic conditions attending their genesis 
without reference to specific agents and/or environments. 
Recently sedimentary structures have received much attention 
in connection with palaeoflow and reconstruction of palaeo-
geography. 
Various sedimentary structures have been classified 
in the past on the basis of morphological characters. Numerous 
attempts have been made to associate these sedimentary stru-
ctures with specific utility such as ascertaining the palaeo-
flow conditions, environment of deposition & direction of 
provenance by several workers (Evan, 1941; McKee and Weir, 
1953; Potter and Pettijohn, 1963; Reineck and Singh, 1980). 
The classification of sedimentary structures proposed 
by Potter (1963) has been adopted in a modified form in the 
present study. 
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TABLE VII. Classification of Sedimentary Structures of 
Sawai Madhopur Area 
CURRENT DIRECTIONALS 
One way structures 
Cross bedding 
Asynunetrical Ripple 
Flute Mark 
Two way structures 
Symmetrical Ripple 
Parting lineation 
Swash Mark 
Rill Mark 
NON-DIRECTI0NALS 
Soft sediment deformation 
Load structure 
Convolute beading 
Sub aerial exposure 
Mud crack 
The sedimentary structures recognised in Vindhyan rocks of 
the study area have briefly been described: 
CUi^ REN"! ijIRECTIQNALS 
Cross bedding; Almost sediments of all ages formed in various 
diverse environments show cross bedding as an ubiquitous 
feature. It is generally defined as a single sedimentation 
unit where foreset bedding is inclined to the principal 
surface of acciomulation. The attributes related to field 
observation of cross bedding include three main aspects 
Thickness, Inclination and Azimuth. 
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The thickness of individual cross bedding depends on 
size and shape of dunes that give rise a trough shaped sets 
or sand waves that generate the tabular sets. Trough sets 
seldom reach a maximum thickness of l meter and range upto 
few meters wide and few tens of meters long. The tabular sets 
show much wider range of size, though sets less than 1 meter 
thick appear more common during the field observation. However, 
exceptionally larger individual sets can be several meters 
thick. The cross bedding thickness is believed to be related 
to specific flow conditions, depositional environment (Allen, 
1963 b), In Bhander sandstone of Sawai Madhopur area, large 
scale cross beds are abundant, exposed near Ranwal and along 
Sawai Madhopur railway station (Plate III, IV Fig. A,B,A) 
such cross beds are associated with flat bedded sandstones 
generally single sets are predominent cosets are rare. 
Ripple marks: The ripple marks, commonly associated with wide 
range of major environments, occur as undulations produced by 
the action of waves on non-cohesive surface of sediment. More 
attention has been paid on mainly two aspects of ripple marks, 
one is their use in determining the direction of wave propa-
gation and the other includes their palaeogeographic signi-
ficance. 
The classification and nomenclature of ripple marks 
has been a bit controversial because they occur in wide range 
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Of forms. The shape, size, orientation, symmetry and mode of 
origin of the ripples have been utilized as the main criteria 
for their classification. Ripple marks are divided into two 
groups. Symmetrical and asymmetrical. 
Symmetrical ripples those with very slight and conti-
nuous crest line are associated with wave action. Such ripple 
marks generally form where wave agitate the bottom in the 
absence of current. They are formed upto the depth of effec-
tive wave action. They are also termed oscillating ripple 
marks. Asymmetrical marks have also been synonymously termed 
as current ripples, originated by both the action of wind and 
water currents. 
In Bhander sandstone, ripple marks show prolific deve-
lopment in very thin bedded sandstones in unit A of the 
formation. Majority of ripple marks are of symmetrical type 
but asymmetrical also appear. The asymmetrical types show 
little asymmetry. The crests of the ripple marks, both 
symmetrical and asymmetrical, are slightly curved and bran-
ching to almost straight and generally rounded but flat-
topped ripples are abundant higher up in unit A formation. 
In unit A formation of Bhander sandstone upper part flat-
topped ripple marks are characteristically developed and 
occur in very thin micro cross-laminatea layers intercalated 
with the flat-bedded sandstones. 
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Ripple marks are common in unit B of Bhander sandstone 
occurs in two sizest the smaller and largers ones. The smaller 
ripple marks are mostly symmetrical to slightly asymmetrical, 
show straight and rounded crests. They are generally within 
the troughs of larger ripple marks and in such occurrences 
they are flat topped. The larger ripple marks are generally 
asymmetrical type. 
Flute mark; Piute marks are the structures formed by current 
scour, occuring on the slobs of sandstone beds. Flute marks 
appear as*scallops' which nave narrow steeply-walled up 
current end with the other end gradually merging with the 
surface (.Klein, 1970) . Most workers agree that flutes are 
formed by turbulent current scouring (Crowell, l955j. 
Flute marks occurs generally in Bhander sanastone in 
the form of 'Scallops' on bedding surfaces of massive looking 
beds of channel sandstones of unit A and B. They vary in size 
from few centimeter (generally upto 30 cm in length) and 
(from 4-10 cm in width). 
Parting lineation; Many sandstone bedding planes show flat 
surface that are related to parallel lineations within the 
underlying deposit. They occurs as a series of closely spaced 
ridges and hollows which persist parallel to the lineation 
for a few centimeter to tens of centimeter or so. Latter 
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eminent workers like Croweii, 1955, Potter and PettiJohn, 
1963, tried to relate the structure with the possible current 
strength and palaeocurrent direction. It is fairly certain 
that parallel lineation in flat beds indicate upper flow 
regime conditions, provided the sand is medium to fine. 
However, lower flow regime conditions may also applied to 
coarse grained and very micaceous sand. In the study area, 
parting lineation in Bhander sandstone occurs associated with 
flat bedded constituent of channel sandstone. 
Swash marks Swash mark, though rarely preserved, have been 
described as thin wavy anastomosing ridges generally 1 to 2 mm 
wide with broad convexity towards land and concavity towards 
water (Shrock, 1948) , Swash Marks is related to the energy 
of wave which becomes expanded when it breaks, following 
breaking the oscillatory wave is transformed into wave trans-
lation and the water sweeps up the beach. In the study area 
swash marks have been recognised on bedding surfaces of very 
thin-bedded sheet sandstones of lower limit (unit A) of 
Bhander sandstone. The length of Swash marks in Bhander 
sandstone reaches upto 12 centimeters. 
Rill mark: Rill marks are small scale dendritic channels a 
few centimeters wide and few millimeter deep often occur on 
bedding plane of sediments of rill section on beaches (Shrock, 
'^T -•" "^••*^v^*-siT!^?Rwr ••--
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1948)• In the study area rill marks occur in unit A of Bhander 
sandstone appear as arcuate and branching tiny grooves, about 
1-2 millimeters wide and 8 cm long. 
NON->DIRECTIONALS 
Load structure: The load structures occur as bulbous, rounded, 
knobby bodies varying to highly irregular protrusions of sand 
preserved on the lower side of sand layer that overlies soft 
shale. The term load structures is related to unequal loading, 
because they are not formed by filling of pre-existing 'mould' 
and thus can never be regarded as 'cast'. Load structures 
differs in their irregularity, lack of symmetry and orienta-
tion forming irregular bulbous masses. Ihese structures have 
been reported from diverse environments, but are more common 
in flysch deposits. They are also confined generally to 
shallow water environments like fluvial and intertidal flats 
(Reineck and Singh, 1980). In the study area, load structures 
occur in channel sandstones of Sirbu shale and Bhander sand-
stone at the contact of tne two formation where sandstone beds 
overlie shales, such swelling bodies are well preserved. They 
range in diameter from a few centimeters to a few decimeters. 
Convolute bedding; Convolute beeding is an enigmatic deforma-
tional sedimentary structure. It occurs in single bed of sand 
or silt, characterized by crumpling or complex type of folding 
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in the laminae within the bed with generally broad open troughs 
and close crests (Kuenen, 1953, Collinson and Thompson, 1982). 
Convolute bedding generally develops in fine grain non-
cohesive sands and silty sands. 
In the study area, convolute bedding is mainly associated 
with fine grained and silty sandstone of Bhander sandstone. The 
laminae occur intensively folded that thin out at anticlinel 
crests. The convolutions become overturned and continuous, 
and lie almost perpendicular to mean current direction obtained 
from cross bedding present in the related beds. 
Mud crack; Mud cracks occur mainly in fine clay like cohesive 
material due to shrinkage and loss of water. Mud cracks develops 
into variously curved raised ridges which divides the sediment 
surface into irregular checkered polygonal areas. Mud cracks 
develop in subaerially exposed river channels, marine beaches, 
flood plains or in the lakes and lagoons where the fine 
cohesive wet mud is attributed to desiccation. In the study 
area, mud cracks were observed in Bhander sandstone, such 
cracks bound pentagonal to rectangular areas measuring 2 to 8 
centimeters across. Mud cracks are exposed on sandy shale 
near Kundra village IPlate IV, Fig. B). 
CHAPTER - V 
The Bhander Group of Vindnyan rock sequence, having 
an avexage thickness of 130 m,, form a part of Pre cainbrian 
terrain in the eastern region of Rajasthan around the 
Sawai Madhopur City. The Bhander Group is assigned upper 
Proterozoic age that has a conformable relationship with 
tYie under lying Revsa CTO'op. PV»ysiogxaphicaliy tbe area 
consists of an arcuateiy trending scaxrp of Sirbu Shale 
on a lower platfomn of Ehanoer limestone in turn capped 
by upper sandstone platform. Bhander Sandstone formation 
is predominantly reddisn in colour. At the base the sand-
stones show the dominance of large scale through crossbeds 
along with planar crossbeds near the top. The upper portion 
is characterized by the presence of fine elastics having 
sedimentary structures like flute marks, rill marks and 
convolute bedding. 
The detailed petrographic study of Bhander 
Sandstone reveals that it is invariably mature texturally 
and mineralogically and thus reasonably placed as 
orthoquartzite type. The maturity is associated with 
the predominance of quartz grains. Four main types of 
quartz grains include common quartz, stretched metamorphic 
quartz, recrystallised metamorphic quartz and reworked 
sedimentary quartz types. The sandstone is predominantly 
unimodally distributed, fine to medium grained, moderately 
to moderately well sorted, strongly fine skewed to nearly 
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symmetrical skewed and leptokurtic to mesokurtic in 
nature. The quartz grains present unimodal distribution 
of roundness and the majority of grains lie in sxob rounded 
class. Presence of heavy minerals like tourmaline, zircon 
and rutile further support the idea ana extent of maturity. 
The size of the grains particle indicate that they have 
been transported for a long aistance from the provenance. 
The current under high flow regime have given rise abrasion 
of quartz grains to smaller size. However, the idea of 
prolonged transportation is also supported by high degree 
of roundness in quartz grains. 
With all probabilities the deposition started over 
a rugged topography presented by quartz reef in which 
the voids are filled up with sandstone deposits. Shales 
seem to have been deposited in tranquil waters and very 
slow rate of subsidence was accompanied by sedimentation 
followed by influx of Carbonate sediments. 
The present study inherently is not conclusive 
pertaining to environmental condition under wnich Bhander 
Sandstone was deposited. It is likely that further detailed 
sedimentologic studies may reveal the added dimensionals 
in regards to the deposition of these rocks. The present 
study and the data is so meagre that the further elabo-
ration of environmental speculation is some what tenuous. 
The supply of sediments appears to have been from south 
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east as revealed by few palaeocurrent indicators 
including crossbedding and ripple marks. Bijawars, 
Bundelkhand Granites could have been the major suppliers 
of sediments. Moreover older granite, gneisses, basic 
igneous rocks/ Orthoquartzite and limestone exposed in 
east - south east of the area of investigation probably 
form the inferred provenance. 
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PLATE - I 
PHOTOMlCROGi^APHS OF BHAJ^ JDLK SAMJC'ICNE SHOWING 
QUARTZ TYPES 
F i g . A - p h o t o m i c r o g r a p h o f 'Common' a u a r t z g r a i n s 
s h o w i n g few m i n e r a l i n c l u s i o n o f v a r y i n g 
s i z e . X 30 
F i g . B - P h o t o m i c r o g r a p h o f ' S t r e t c h e d m e t a m o r p h i c ' 
q u a r t z g r a i n shov<ing o r i e n t a t i o n of e l o n g a t f -
c r y s t a l s w i t h s u t u r e d b u n d a r i e s . X 30 
F i g . C - P n o t o m i c r o g r a p h of ' r e w o i r c e d s e o i m e n t a r y ' 
q u a r t z s h o w i n g s e c c n o d r y o v e r g r o w t h m a r k e d 
b y d u s t l i n e . A 75 
PLATE- X 
PLATE - I I 
PHOTOMICROGRAPHS OF BHANuLR SANDSTONE SHV^OING 
OUARTZ TYPES AND ROCK FRAGMENTS 
F i g . A - P h o t o m i c r o g r a p h o f ' re i f tOrked s e d i m e n t a r y ' q u a r t z 
g r a i n s s h o w i n g g r o s s l y c o m p o s i t e a n d a b r a i d e d 
s i l i c a o v e r g r o w t h o v e i a e t r i t a l c o r e . X 30 
F i g . B - P h o t o m i c r o g r a p h o f ' r e c r y s t a l l i s e d m e t a m o r p h i c ' 
q u a r t z s h o w i n g i n e q u d ' i i m e n s i o n a l i n d i v i d u a l w i t h 
s m o o t h i n t e r c r y s t a l l i n e b o u n d a r i e s . X 30 
F i g . C - P h o t o m i c r o g r a p h o f r o c k f r a g m e n t s s h o w i n g p o o r l y 
o r i e n t e d m i c a f l a k e s , X 30 
PLATS^ Jt 
PLATE - III 
OUTCROP PHOTOGRAPHS OF CROSS BEDDING 
Fig. A - A large scale cross bedding of Bhander 
sandstone, exposed near Ranwal Village. 
Fig. B - A trough type of cross bedding showing trough 
shaped bottom, exposed near Sawai Madhopur 
Railway Station. 
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PLATE - IV 
OUTCROP PHOTOGRAPHS OF CROSS BEDDING 
AND MUD CRACK 
Fig, A - A large scale planar cross bedding in sets, 
exposed near Ranthambhor fort. 
Fig. B - Mud cracks on the dried surface of exposed 
sandy shale, near village Kundra. 
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